Objective To investigate representation by gender among recipients of physician recognition awards presented by the American Academy of Neurology (AAN).
Although medical specialty societies have an important role in supporting physicians, few studies have focused on how they support women physicians. Initial studies by some of the authors of this report demonstrated that women were underrepresented in physician awards presented by both the American Academy of Physical Medicine and Rehabilitation 1 and Association for Academic Physiatrists (AAP). 2 In a third report, they 3 demonstrated the underrepresentation of women physicians among recognition award recipients at zero or near zero levels in 11 medical specialty societies associated with neurology, dermatology, anesthesiology, orthopedic surgery, head and neck surgery, plastic surgery, and physical medicine and rehabilitation. Included were the American Academy of Neurology's (AAN) Wayne A. Hening Sleep Medicine Investigator Award, with 6 men and zero women physician recipients since 2011, and the American Neurological Association's George W. Jacoby Award, with 20 men and zero women physician recipients since 1950. These findings suggested that further investigation of gender distribution within recognition awards presented by neurology-related societies was warranted.
Methods
We examined lists of AAN award histories published online at aan.com [4] [5] [6] [7] and representing 63 years of member recognition . Included were those recognition awards that had their past recipients listed on AAN award-related web pages, were exclusively or primarily aimed at individual physician recipients, and recognized a body of work over the course of a career. Excluded were recognition awards that did not list past recipients on the AAN Awards History web pages, those that recognized a single accomplishment or team efforts, and those that exclusively or primarily focused on nonphysician recipients. Fellowships, scholarships, grants (e.g., research funding), and training programs (e.g., career development or research training) were not considered recognition awards and therefore were excluded. All data were publicly available and therefore institutional review board approval was not needed for this study.
As is currently customary for research in the area of workforce equity issues, "The term 'gender,' as opposed to the term 'sex,' is used in this work, because it would be impossible to discern biological sex without direct interaction, and it is assumed that facial appearance and name generally reflect whether a person identifies and wishes to be recognized as male or female, respectively." 8 There were 20 awards that met the inclusion criteria (table) . For the awards included, at least 2 researchers independently verified the name, credentials, and gender of each recipient via online searches. A third researcher reviewed and reconciled discrepancies. The primary outcome measures were total numbers of awards given to women and men physicians over the history of each included AAN award. For the recognition award recipient lists containing a limited number of nonphysician recipients, we excluded the nonphysician recipients from further analysis.
Gender-related demographic data from the Association of American Medical Colleges (AAMC), [9] [10] [11] [12] [13] [14] [15] [16] [17] including the proportion of women physicians specializing in neurology and who were in active practice, in academia or in residency programs, and the AAN, [18] [19] [20] [21] [22] including the proportion of women among all members and women among US neurologist members, were used for comparison. We used 2 types of statistical analysis: (1) for each year for which specific information regarding the percent of women among AAN US neurologist members was available, we performed a 1-sample test comparing the proportion of awardees who were women to their representation in the AAN; (2) for a cross-year comparison, we performed an exact binomial test using a null hypothesis that women were as likely to be overrepresented as underrepresented. The binomial distribution is used when there are only 2 possible responses, often called "success" and "failure." Here, the 2 possibilities were underrepresentation (as compared to the proportion of women in the population) and overrepresentation. In this case, we tested whether the probability of being underrepresented was equal to 50%, though other rates could be used. If the rates were exactly equal, the outcome was considered to be overrepresentation.
Data availability
All data are included in this report.
Results
Although complete sets of gender-related data (i.e., total numbers of physicians, numbers of women among physicians, and proportion of women among physicians) were not published every year during the study period, diversity with respect to women in the neurology workforce increased (figure 1). According to data from the AAMC, within the most recent decade, the percentage of women physicians actively practicing neurology in the United States increased by 21.1% between 2007 (n = 2,923 of 12,612; 23.2%) and 2015 (n = 3,760 of 13,378; 28.1%). [9] [10] [11] [12] The percentage of women physicians working in academic neurology departments increased by 25% between 2009 (n = 879; 28%) and 2015 (n = 1,455; 35%). 13, 14, 16, 23 Gains were also found for women physicians among full professors serving in neurology departments, increasing by 33.3% between 2009 (n = 106; 12%) and 2015 (n = 172; 16%). 13, 14, 16, 23 Of note, the percentage of women residents and fellows in neurology programs remained steady near 45% between 2007 (n = 709; 44.4%) and 2015 (n = 1,011; 44.5%) and at a level nearly equal to the representation of men. 9, [23] [24] [25] Although not published every year during the study period, our analysis of available AAN member gender data also revealed increases in the representation of women among 2 commonly reported member categories (figure 1). [18] [19] [20] [21] [22] The proportion of women among all members increased by 26 Of the awards included in this report, the first was presented in 1988. Thereafter, the number of awards presented each year trended upward to a maximum of 21 (2013 and 2017) (figure 3A). Although no woman physician received an award for 10 years, the presentation of awards to women physicians has also been on an upward trend (figure 3B).
The proportional representation of women by year within all 20 included award categories ranged from 0% to 40% during the study period, including 11 (36.7%) of 30 years during which women were absent from recipient lists (table and figure 4A ). More recently (2014-2017), the overall distribution of awards to women physicians appeared to be holding steady near equitable levels. A binomial test was used over the entire period and under several different assumptions showed that there was a pattern of underrepresentation of women among awardees. When we used linear interpolation to estimate the percentage of women among AAN US neurologist members in years for which information was not publicly available, the data showed that in 80% of the comparisons women were underrepresented (p value from the test = 0.0014). In addition, for those few years for which information regarding the percentage of women among the US neurologist membership was available (figure 1), we used an exact binomial test to compare the percentage of women among awardees to the percentage of women among US neurologist members. None of these tests were statistically significant; however, given the small number of awardees in each year, the statistical power was low and, thus, this result was not surprising. To develop a better understanding of how the representation of women may be related to award criteria and using published listings of applicant categories, award names, and/or recipient criteria, we subdivided the 20 awards by recipient category (table) . 26 These included one category for unrestricted recipients (awards open to all physicians) and 2 categories for restricted recipients: senior recipients (awards intended to recognize "senior authors") and lifetime achievement recipients (awards intended to recognize "lifetime career achievements" or work "over a significant period of time"). Among the 11 unrestricted recipient awards, the proportional representation of women by year varied widely and ranged from 0% to 100%. The one instance of 100% representation of women among awardees in this recipient category occurred during the 10 years (1989-1998) in which only one award was presented to a single recipient (Bruce S. Schoenberg International Award in Neuroepidemiology; 1998). Overall, women were absent among awardees in this unrestricted recipient category in 12 (41.4%) of 29 years (table and figure 4B), including 3 years during which multiple awards were presented. Since 2014, the distribution of unrestricted awards to women among physician recipients appeared to be holding steady near equitable levels.
Almost one-half (n = 9 of 20; 45%) of the AAN recognition awards that met the inclusion criteria were awards meant to recognize senior author applicants 26 or lifetime achievements (table). These awards are generally considered to be more prestigious, representing work by established physicians and/ or a physician's body of work over an extended time period. Among the 7 senior author awards, the proportional representation of women by year ranged from 0% to 57.1%, including 20 (66.7%) of 30 years during which women were absent among recipients ( figure 4C ). Among the 2 lifetime achievement awards, the proportional representation of women by year ranged from 0% to 100%. The 2 instances of We assessed the visibility of women physicians as leaders within the AAN by determining the representation of women among recipients of awards that included a documented opportunity to speak during the annual meeting. Of the 20 included awards, 15 (75%) were described as including an opportunity to speak during the annual meeting (table). Other than the A.B. Baker Award for Lifetime Achievement in Neurologic Education, which typically involves a keynotetype address to the membership, the speaking opportunities were described as 10-or 20-minute presentations during scientific sessions. Women were underrepresented among physician recipient speakers during the entire study period (19%; n = 51 of 272) and during the most recent 10 years (24%; n = 33 of 137).
Trends in distribution within each included award category were also examined and compared to the proportion of women among US neurologist members of the AAN in 1996 (18%). 22 Overall, in 13 (65%) of the 20 recipient lists, women physicians were represented at a level that ranged from 0% to 18% (table; bold 
Discussion
This study addressed a single measure of diversity and inclusion within the AAN, the distribution of recognition awards to men and women physicians. Key findings include that women physicians were underrepresented for recognition awards overall and more recently over the past decade. Although the number and percentage of individual awards presented to women physicians trended upward during the study period, 65% of all recipient lists and 25% of recipient lists for awards presented to physicians for more than 10 years were associated with representation of women at levels ≤18%. Moreover, although prestige is not easily measured, notably, as the selectivity of the recipient category increased from unrestricted through senior author to lifetime achievement, the proportion of years during which women were absent from recipient lists increased from 40% to 85.7%. This suggests that some of the greatest gaps for women neurologists receiving awards are in the more prestigious categories. Distribution of the A.B. Baker Award for Lifetime Achievement in Neurologic Education is particularly important because this is a prestigious award and involves a keynote-type of address to the membership. Women were also underrepresented among some of the most visible (speaking) leaders in the field during the entire study period (19%) and during the most recent 10 years (24%). These findings are similar to what some of the authors of this report found in a study of recognition awards in physiatrists that demonstrated the greatest underrepresentation of women physicians was in the most prestigious award categories, particularly those associated with lectureships during which awardees have the opportunity Figure 2 Gender distribution among physician recognition award recipients
The representation of women among physician recipients was determined first for the entire study period . To account for an increasing proportion of women among neurologists working in the field and among members of the organization, the representation of women among physician recipients was also determined for the most recent 10 years (2008-2017).
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The proportion of women in the neurology workforce continues to grow overall and in academia; however, as in other medical specialties, there are areas in which proportional representation of women physicians is evident and areas in which documented gaps exist. For example, historical evidence from the American Medical Association notes that among neurologists in office-based practice, women had lower annual incomes after adjustment for workload and provider and practice characteristics. 27 More recently, in a report assessing gender distribution among American Board of Medical Specialties boards of directors, researchers found that the American Board of Neurology included a more-thanequitable ratio of women (n = 4 of 8; 50%) than expected when compared to women in the specialty (31.8%) and women in training (44.7%). 28 However, women neurologists were underrepresented on journal editorial boards. 29 In the neurology departments of public medical schools, men received higher salaries, even after adjustment for faculty rank, age, years since residency, specialty, NIH funding, clinical trial participation, publication count, total Medicare payments, and graduation from a U.S. News & World Report top-20 medical school. 30 Women neurologists were also underrepresented in the upper levels of academia and were less likely than men to be full professors of neurology at American medical schools, even after adjusting for age, years since residency, publications, NIH grants, clinical trials, and faculty appointment at a U.S. News & World Report top-20 medical school. 31 Causality was not specifically addressed in this study, and gaps in workforce gender equity are often multifactorial. However, a "lack of qualified women in the pipeline" is a frequently cited reason for gender equity gaps. Although 1 in 4 AAN award categories demonstrated 0% to 18% representation of women among physician recipients during the most recent decade, it has been more than 2 decades since the proportion of women among US neurologist members of the AAN was lower than 18%. Moreover, the US pool of women neurology award candidates currently comprises, but is not limited to, 400+ successful and high-achieving women physicians including more than 170 full professors and more than 280 associate professors, 16 suggesting that there were and are likely numerous qualified candidates for each award offered by the AAN and that pipeline is unlikely to be a major contributing factor. Keith Lillemoe, MD, also tackled the pipeline myth in his presidential address to the American Surgical Association, by saying, "The number of outstanding, qualified female candidates is more than adequate to fill every open surgical leadership position in America today. The problem is not the pipeline-it is the process." 32 This study suggests then that other factors may be involved and should be investigated, 33 including, but not limited to, the role that implicit bias or other factors may have in the processes involved in selection of award committee members, 34, 35 calls and criteria for nominations, 35, 36 submission and evaluation of supporting materials, 35, [37] [38] [39] and selection of awardees. 35, 40 In addition and because many of the awards targeted defined subspecialties (e.g., neuroepidemiology, sleep medicine, or neuropathic pain) or specific positions (e.g., clerkship director or program director), it will be important to assess the representation of women within subsets of AAN physician members as has been done in studies of the representation of women among decanal roles at US medical schools. 8 Following a previous study of recognition awards, some of the authors of this report 3 suggested a 6-step plan and categories of metrics for evaluating the representation of women within medical societies (e.g., awards, committee chairs, and plenary speakers). Recommendations included the gathering and analyzing of data coupled with transparent reporting, investigation of causality, implementation of strategies to improve inclusion, tracking of outcomes, and considering the publication of results. Indeed, a task force recently used this plan to evaluate the representation of women among various subsets of members of the AAP, 41 including, but not limited to, presidents, voting and nonvoting members of the board of trustees, award recipients, training program participants, and journal editors. Regarding awards, task force members found that causality was multifactorial, meaning that no women were nominated for some awards and women were nominated but not selected by the awards committee for other awards. The AAP is currently undertaking a multipronged approach to further study that includes, but is not limited to, actively encouraging the nomination of women for awards and implicit bias training for members of the awards selection committee. In addition, diversity stewards who will work with the task force and be responsible for tracking data have been assigned to each problem area. A follow-up report is planned within 3 years. As the largest organization of practicing neurologists, 42 the AAN, whose mission is "to promote the highest quality patient-centered neurologic care and enhance member career satisfaction," 42 has an opportunity to expand investigation into gender disparities 43 and similarly support the neurology physician workforce by implementing assessments and interventions to ensure equity in the provision of key resources, opportunities, and recognition. This study had several limitations. Physician awards included in this report were presented during the most recent 30-year history of AAN physician recognition; comprising 20 awards and 323 recipients, with maximums of 21 recipients and 6 women in any one year. In addition, although the more inclusive and likely accurate benchmark for gender equity among recipients of physician recognition awards would equate to the percentage of women among all AAN physician members, only US physician member data was reported. Moreover, population data were not available from the AAMC or AAN for every year during the study period, and although percentages of women among all and US neurologists were reported as noted, actual numbers of women among these groups were not. Finally, data used for this analysis, including classification of recipients as man or woman through use of photographs or descriptions including the pronoun he or she, were gleaned from publicly available online resources and may be subject to error on the part of the authors.
Professional recognition is important in career advancement, especially for academic neurologists. The results of this study suggest that women in neurology are underrepresented for recognition awards. The reasons for this are likely multifactorial and deserve further investigation.
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